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Description 



Technical Field 



5 [0001] The present invention relates to a method of producing a 7-amlnocephalosporanic acid derivative useful as 
a starting material for cephalosporin antibiotics [JP-A-1 49682/1 987, JP-A-238589/1989, J P-A-1 4586/1 991, JP-A- 
338332/1992 and so on (the tenn 'JP-A-" as used herein means an "Japanese Patent Unexamined Publication')]. 

Baclcground art 



[0002] Conventionally, 7-aminocephalosporanlc acid (hereinafter referred to as 7-ACA) has been silylated by bis- 
trimethylsilylurea or bis-trimethylsllylacotamlde as a silylating reagent. Not only these silylating reagents are expensive 
and necessitate high-temperature reaction conditions, but also, a decomposition reaction concurs, resulting In low 
yields. Another l<nown method uses chlorotrimethylsilane (hereinafter refferred to as TIVISC) as a silylating reagent but 
t5 this method also necessitates drastic reaction conditions and, in addition, an organic base, such as triethylamine, must 
be used, resulting in low yields. 

[0003] On the other hand, hexamethyldisilazane (hereinafter referred to as HI^DS) is also commonly used as a 
silylating reagent but the use of a catalyst is essential because its reactivity is poor. Examples of such catalysts include 
TMSC, iodotrimethylsilane (hereinafter referred to asTMSI) (WO87/01116, JP-A-1 841 61/1 994) and saccharin (JP^A- 
20 45192/1 982); however, even when these catalysts are used, the yields of the desired silyl derivative is not as high as 
expected. It is also known practice to use an organic oxo acid, trif luoroacetic acid, orthe like, as a catalyst (W086/03204, 
JP-A-1 65765/1 995 and JP-A-61479/1 996) but none has ever attemptedto use a sulfur-containing acid or an ammonium 
salt thereof or a Lewis acid. 

[0004] There is a need for the development of a method enabling the production of a 7-aminocephatosporanlc acid 
25 derivative useful as a starting material for cephalosporin antibiotics in higher yields with simple procedures. 

Disclosure of Invention 

[0005] Through extensive Investigation of various catalysts, the present Inventors found a production method ena- 
30 bling efficient obtainment of the desired product using a certain acid as a catalyst 

[OOOq Accordingly, the present Invention relates to a method of producing a compound represented by the formula: 



wherein X* represents an amino group that may be protected ortrimethyisilylated; Y' represents a carboxyl group that 
may be protected or trimethylsilylated; Z represents® hydrogen. (D a C^.g alkoxy group, (D aC^.^ alkyi group or® 
an C2^a!kenyl group, each of® and® being unsubstituted or substituted by 1 to 4 substituents selected from the 
group consisting of (1) a C^.-io alkanoyloxy group, (2) a heterocyclic group, (3) a C^.^ alkoxy group, (4) a C3.7 cydoalky- 

45 loxy group, (5) a Ce-io aryloxy group, (6) a C7.19 aralkyloxy group. (7) a heterocyclic-oxy group, (8) a mercapto group, 
(9) a C,.6 alkylthio group, (10) a C3.10 cycloalkylthio group, (11) a C^^^^ aiylthio group, (12) a aralkylthio group, 
(13) a heterocyclk: thio group, - (14) a mono-Ci.6 alkylamino group, (15) a di-C^^alkylamino group, (16) a 
trl-Ci^a!kylammonlum group. (1 7) a C3..,o cycle alkylamino group, (1 8) a Cq,^q arylamlno group, (1 9) a Cy.^g aralkylaml- 
no group, (20) a heterocyclic amino group, (21) a cyclic amino group, (22) an azide group, (23) a nitro group, (24) a 

so halogen atom, (25) a cyano group, (26) a C^.^o alkoxy-carbonyl group. (27) a Cq.^q aryloxy-carbonyl group, (28) a C7.19 
aralkyloxy-carbonyl group. (29) a Cg-^o aryl-carbonyl group, (30) a C,^ alkanoyi group, (31) a Cg^ alkenoyi group, 
(32) a Cfi^io aryl-cart5onyloxy group, (33) a Cg^ alkanoyloxy group, (34) a C3.5 alkenoyloxy group, (35) a alkylsul- 
fonyl group, (36) a Cq.^q arylsulfonyl group, (37) a carbamoyl group substituted by 1 or 2 substituents selected from 
the group consisting of a C,^ alkyl group, a C^^q aryl group, a C^^ alkanoyi group, a Cq.^q arylcarbonyl group and a 

55 alkoxy-phenyl group, (38) a cyclic aminocarbonyi group, (39) a thiocarbamoyl group substituted by 1 or 2 substit- 

uents selected from the group consisting of a C^s alkyl group and a Ce-io aryl group, (40) a carbamoyloxy group 
substituted by 1 or 2 substituents selected from the group consisting of a C^^ alkyl group, and a O^^q aryl group, (41 ) 
a, phthalimide group, (42) a C^^ an alkanoylamino group, (43) a C6.^ofi'y*-<^*o"y*a^>"o g">"P' (^) ^ ^i-io ^^^^ 
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carboxamlde group, (46) a Cq,^q aryl-carboxamide group and (46) a Cy.^g aralkyloxy-carboxamlde group, and the 
heterocyclic group of a heterocyclic group, a heterocyclic-oxy group, a heterocyclic-thio group and a heterocyclic amino 
group being 5- to 8-membered ring containing 1 to 4 hetero atoms selected from the group consisting of a nitrogen 
atom (which may be oxidated), an oxygen atom and a sulfur atom, or a condensed ring thereof, at least one of X' and 
5 Y is trimethylsitylated, which comprises reacting a compound represented by the formula: 



t5 wherein X represents an amino group that may be protected; Y represents a carboxyl group that may be protected; at 
least one of X and Y is not protected, with hexamethytdisilazane In an Inert solvent in the presence of (I) a sulfur- 
containing acid represented by the formula: 

wherein T is® a hydrogen atom, ® a hydroxyl group. ® a halogen atom @ a C^^ alkyi group, ® Cg-e alkenyl 
group, d) aC6.ioarylgroupor® aC7.2oaralkylgroup,theabove(3) and(D being unsubstituted or substituted by 
1 or 2 halogen atoms, and the above ® and Q) being unsubstituted or substituted by 1 or 2 substituents selected 
25 from the group consisting of a halogen atom, 

and a C^^alkyl group, and n represents 1 , 2 or 3, or (11) an ammonium salt thereof or (lil) a Lewis acid selected 
from the group consisting of BF3 • {02^512^, AICI3, ZnCl2. PCCI3 and TiCl4. 

Best Mode for Carrying Out the Invention 



[0007] The protecting group for the "amino group that may be protected" represented by X or X' is exemplified by 
known amino group-protecting groups In the field of p-lactam and peptides. Examples of such protecting groups include 
alkanoyi groups that may be substituted for, C3.5 alkenoyi groups that may be substituted for, Cq,^q aryl-carbonyl 
groups that may be substituted for, heterocyclic carbonyl groups. C^.^q alkylsulfonyl groups that may be substituted 

35 for, camphorsulfonyl groups, Cg-io arylsulfonyl groups that may be substituted for, substitutional oxycarbonyl groups, 
carbamoyl groups that may be substituted for, thiocarbamoyi groups that may be substituted for, Cg.10 atyl-methyl 
groups that may be substituted for, di-Ce.iQ aryl-methyl groups that may be substituted for, tri-C6.io aryl-methyl groups 
that may be substituted for, Cq.^q aryl-m ethylene groups that may be substituted for, Oq,^q arylthio groups that may be 
substituted for, 2-Cvio alkoxy-carbonyH-methyl-l -vinyl groups, and groups represented by the formula M'OCO- (M' 

40 represents an alkali metal). 

[0008] Examples of "Ci^ alkanoyi groups that may be substituted for* include C^.^ alkanoyi groups that may be 
substituted for by 1 to 3 substituents selected from the group comprising halogens, 0x0, C^^ alkoxys, C^.e alkanoyls, 
Ce-io halogeno-C6.io aryls, Cq^iq aryloxys, halogeno-C6.io aryloxys and 0^,^^ arytthios, specif fcally, for example, 
fomriyl, acetyl, propionyi, butyryl, valeryl, pivaloyi, succinyl, glutaryl, monochloroacetyl, dichloroacetyl, trichloroacetyl, 

45 monobromoacetyl, monofluoroacetyl, dlfluoroacelyl, trlfluoroacetyl, monolodoacetyl, acetoacetyl. 3-oxobutyryl, 4-chlo- 
ro-3-oxobutyryl, phenylacetyl, p-chlorophenylacetyl, phenoxyacetyl and p-chlorophenoxyacetyl. 
[0009] Examples of "C3.5 alkenoyi groups that may be substituted fof include C3.5 alkenoyi groups that may be 
substituted for by 1 to 3 substituents selected from the group comprising halogens and aiV's, specifically acryloyi, 
crotonoyi, maleoyi, cinnamoyi, p-chlorodnnamoyi and p-phenylcinnamoyl. 

50 [0010] Examples of "Ce.10 aryl-carbonyl groups that may be substituted for* include C^^^q aryl-carbonyl giDups that 
may be substituted for by 1 to 3 substituents selected from the group comprising halogens, nitro, hydroxy, C^^ alkyls 
and alkoxys, specifically benzoyl, naphttioyi, phthaloyi, p-toluoyi, p4erl-butylben2oyl, p-hydroxybenzoyi, p-meth- 
oxybenzoyl, p-tert-butoxybenzoyl, p-chlorobenzoyl and p-nltrobenzoyl. 

[0011] The "heterocyclic group" in "heterocyclk; carbonyl groups" is a group resulting from removal of one hydrogen 
ss atom bound to a carbon atom of a heterocyclic ring, exemplified by a 5- to 8-membered ring containing one to several, 
preferably 1 to 4 hetero atoms such as nitrogen atoms (which may by oxidated), oxygen atoms and sulfur atoms, or a 
condensed ring thereof. Such heterocyclic groups include 2- or S-pyn^olyl; 1 2-, 3-, 4- or 5-pyrazolyl; 2-, 4- or 5-imi- 
dazolyl; 1 .2.3- or 1 ,2,4-triazolyl; 1 H- or 2H-tetrazolyl; 2- or 3-furyl; 2- or 3-thienyl; 2-, 4- or 5-oxazolyl; 3-, 4- or 5-isox- 
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azolyl; 1 ,2,3-oxadia2ol-4-yl or 1 ,2,3-oxadiazol-5-yl; 1 ,2,4-oxadia2ol-3-yl or 1 ,2,4-oxadiazol-5-yl; 1 ,2,5- or 1 ,3,4-oxadi- 
azolyl; 2-, 4- or 5-thiazoIyl; 3-, 4- or S-isothiazolyl; 1 ,2,3-thiadia2ol-4-yI or 1 ,2,3-thiadiazol-5'yl; 1 .2,4-th!ad!azol-3-yI or 
1 ,2,4-thiadiazo!-5-yl; 1 ,2,5-or 1 ,3,4-thiadla2olyl; 2- or 3-pyrolidinyl; 2-, 3- or 4-pyridyl; 2-, 3- or 4-pyridyl-N -oxide; 3- or 
4-pyrida2lnyl; 3- or 4-pyrida2inyl-N-oxlde; 2-, 4- or 5-pyrimidinyl; 2-, 4- or B-pyrimldinyl-N-oxide; pyrazinyl; 2-, 3- or 
5 4-piperidlnyl; piperazinyl; 3H-indol-2-yl or 3H-lndol-3-yl; 2-. 3- or 4-pyranyl; 2-. 3- or 4-thiopyranyl; benzopyranyl; qui- 
nolyl; pyrido[2.3.d]py rim idyl; 1 ,6-, 1 ,6-. 1 ,7-, 1 ,8-, 2.6- or 2,7-naphthyIldyl; thienot2,3-dlpyridyl; pyrimidopyridyl; pyrazi- 
noquinoiyi; and benzopyranyl. 

[0012] Examples of "Ci.^o alkylsulfonyl groups that may be substituted for" include C^.^o allcylsulfonyl groups that 
may be substituted for by 1 to 3 substituents selected from the group comprising halogens, O^^q aryls and Cg-io 

io aryloxys, specifically methanesulfonyl and ethanesuifonyl. 

[0013] Examples of "O^^q arylsulfonyi groups that may be substituted for" include Cg-io arylsulfonyl groups that may 
be substituted for by 1 to 3 substituents at any possible positions selected from the group comprising halogens, nitro, 
Ci.6 alkyls and C^.q alkoxys, specifically benzenesulfonyl, naphthalenesulfonyl, p-toluenesu!fonyl, p-tert-butylbenze- 
nesulfonyl, p-methoxybenzenesulfonyl, p-chlorobenzenesulfonyl and p-nltrobenzenesulfonyl. 

IS [0014] Examples of "substitutional oxycarbonyl groups' include C^.^q alkoxy-carbonyl groups, C3.10 cycloalkyloxy- 
carbonyl groups, 05.^0 crosslinked ring hydrocarbon oxycart^onyl groups, C2.10 alkenoyloxy-cariaonyl groups, Ce-ip 
aryloxy-carbonyl groups and Cy.^g aralkyloxy-carbonyl groups, as well as those having 1 to 3 substituents at any pos- 
sible positions selected from the group comprising C,.g alkoxy groups, C^_q alkanoyi groups, substitutional silyl groups 
(e.g.. trimethyisilyl, tert-butyldimethylsilyl), C^,q alkylsulfonyl groups, halogens, cyano, 0^.^ alkyi groups and nitro. Spe- 

20 clfically, such "substitutional oxycariaonyl" groups include methoxymethyloxycarbonyl, acetylmethyloxycaribonyl, 2-tr1- 
methylsllylethoxycartjonyl, 2-methanesulfonylethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 2-cyanoethoxycarbonyl, 
allyloxycarbonyl, p-methylphenoxycarbonyi, p-methoxyphenoxycarbonyl, p-chlorophenoxycart3onyl, m-nitrophenoxy- 
cartjonyl, p-methylbenzyloxycarbonyl, p-methoxybenzyloxycartwnyl, p-chlorobenzyloxycarbonyl, p-nitrobenzyloxycar- 
bonyl, o-nitrobenzyloxycari5onyl and 3,4-dimethoxy-6-nitrobenzyloxycaTbonyl. 

25 [001 5] Examples of "cartaamoyl groups that may be substituted for" include carbamoyl groups that may be substituted 
tor by 1 or 2 substituents selected from the group comprising C,^ alkyI groups, 05.10 s'Y' groups, O^^ alkanoy! groups, 
^6-10 aryl-cart)onyl group and C^^ alkoxy-phenyl groups, specifically N-methytearbamoyI, N-ethylcarisamoyI, N,N- 
dimelhylcarbamoyi, N.N-dlethylcartamoyI, N-phenyteart)amoyl, N-acetylcarbamoyl, N-benzoylcari&amoyI and N-(p- 
methoxyph6nyl)cari3amoyl. 

30 [0016] Examples of "thiocartsamoyi groups that may be substituted for" include thiocarbamoyi groups that may be 
substituted for by 1 or 2 substituents selected from the group comprising C^^ alkyl groups and C^^q aryl groups, e.g., 
thiocarisamoyi, N-methytthiocart>amoyi and N>phenyithiocarbamoyl. 

[0017] Examples of •Cg.^o aryl-methyl groups that may be substituted for" include Cg^io aryl-methyl groups that may 
be substituted for by 1 to 3 substituents selected from the group comprising halogens, nitro, C^.^ alkyls and C^^ alkoxys. 
35 specifically benzyl, naphthylmethyl, p-methylbenzyl, p-methoxybenzyl, p-chlorobenzyl and p-nltrobenzyl. 

[001 8] Examples of "di-Cg.io aryl-methyl groups that may be substituted for" Include di-Ce.10 aryl-methyl groups that 
may be substituted for by 1 to 3 substituents selected from the group comprising halogens, nitro, C-i.^ alkyls and C-|.6 
alkoxys, specifically benzhydryl and di(p-tolyl)methyl. 

[0019] Examples of "tri-C6.io aryl-methyl groups that may be substituted for" include Iri-Ce-io aryl-methyl groups that 
40 may be substituted for by 1 to 3 substituents selected from the group comprfeing halogens, nitro, C^^ alkyls and C^^ 
alkoxys, specifically trityl and tri(p-tolyl)methyl. 

[0020] Examples of 'C^^^ aryl-methylene groups that may be substituted for" include 05.10 aryl-m ethylene groups 
that may be substituted for by 1 to 3 substituents selected from the group comprising halogens, nitro, C^^ alkyls and 
alkoxys, specifically benzylidene, p-methylbenzylidene and p-chlorobenzy!idene. 
45 [0021] Examples of 'O^^q arylthio groups that may be substituted tor Include C^^io arylthio groups that may be 
substituted for by 1 to 3 substituents seiedad from the group comprising halogens, nitro, C^^ alkyls and C^^ alkoxys, 
specifically o-nltrophenylthio. 

[0022] Examples of "2-01.10 alkoxy-carbonyl-knethyH-vlny! groups" include 2-methoxycari3onyl-1-methyH -vinyl, 
2-ethoxycarbonyl-1 -methyl-1 -vinyl, 2-tert-butoxycarbonyl-1 -methyl-1 -vinyl, 2-cyclohexyloxycart3onyl-1 -methyl-1 -vinyl 
50 and 2-nortx)myloxycarbonyl-1 -melhyl-1 -vinyl. 

[0023] The "alkali metal" represented by M' in the "group represented by the formula M'OCO-" is preferably sodium, 
potassium, or the ISce, for example, with greater preference given to sodium etc. 

[0024] X is preferably an amino group that may be protected by a C1.6 alkanoyi group (e.g., phenylacetyl) that may 
be substituted for by (1) a formyl, (2) a O1.10 alkoxy-carbonyl group (e.g.. tert-butoxycarbonyl) or (3) a 0^.10 aryl group, 
55 more preferably a non-substitutional amino group. 

[0025] As a protecting group for the "carboxyl group that may be protected" represented by Y or r , a carboxyi group- 
protecting group in common use In the field of organfc synthetic chemistry, especially in the field of p-lactam antibiotics 
such as cephalosporin, Is used. Examples of such protecting groups include alkyl groups that may be substituted 
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for, Cg^ alkenyl groups that may be substituted for, C^^q aryl groups that may be substituted for and C7.20 aralkyi 
groups that may be substituted for. 

[0026] Examples of "C^.q alky! groups that may be substituted for" include methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl, sec-butyl, tert-butyl, pentyl and hexyl, 
s [0027] Examples of "Cs^ alkenyi groups that may be substituted for" include vinyl, allyl, isopropenyl, methallyl. 
1 ,1-dimethylaIlyl, 2-butenyl and 3-butenyl. 

[0028] Examples of "Cg^io ^fV' groups that may be substituted for" include phenyl and naphthyl. 

[0029] Examples of "Cy.go aralkyi groups that may be substituted for include benzyl. 1-phenylethyl, 2-phenylethyl. 

phenylpropyl, naphthylm ethyl and benzhydryl. 

10 [0030] Examples of substituents for the above-mentioned C^^ alkyi groups, Cg^ alkenyl groups, aryl groups 
and C7.20 aralkyi groups Include hydroxy group, nitro group, halogens, C^^ alkoxy groups, C^.^q alkanoyloxy groups, 
C3.10 cycloalkyl-carbonyloxy groups, Cg.^o ^'"Carbonyloxy groups, C^.^q alkoxy-carbonyloxy groups, 03.^0 cydoalky- 
loxy-carbonyioxy groups, C6.,o aryl-carbonyloxy groups, tri(Ci.6 alkyl)silyl groups (e.g., trimethylsilyl, tert-butyldimeth- 
ylsilyO and C^^ alkylthio groups. TTie number of such substituents Is preferably 1 to 3; the substituents may be Identical 

IS or not. 

[0031] Y Is preferably a carboxyl group that may be protected by benzhydryl or methoxybenzyl, more preferably a 
non-substitutlonal carboxyl group. 

[0032] In the present invention, at least one of X and Y in the starting material (II) must be in an unprotected state, 
i.e., both X and Y must not be concurrently protected. 
20 [0033] In the present Invention, when X is a protected amino group, X* represents a protected amino group; when X 
is an amino group, X' represents a trimethylsllyiated amino group. 

[0034] Also, when Y is a protected carboxyl group, Y represents a protected carboxyl group; when Y is a carboxyl 
group, Y' represents a trimethylsllyiated caitoxyl group. 

[0035] The alkoxy group represented by Z is exemplified by C^.g alkoxy groups such as methoxy, ethoxy. propoxy, 
25 isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, isopentyloxy and hexyloxy 

[0036] The "alkyI group that may be substituted for* represented by Z is exemplified by C^^ atkyi groups such as 
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl and hexyl. 

[0037] The "alkenyl group that may be substituted for represented by Z is exemplified by Cg^ aiicenyl group such 
as vinyl, allyl. 1-propenyt, isopropenyl, 2-methylallyl, 2-butenyl and 3-butenyl. 

30 [0038] Examples of substituents for the "aikyl group that may be substituted for or the "alkenyl group that may be 
substituted for Include C^.iq alkanoyloxy groups, heterocyclic groups, hydroxy group, C^^ alkoxy groups, C3.7 cy- 
cioalkyloxy groups, Cg-^o aryloxy groups, Cy.^g aralkyloxy groups, heterocyclic oxy groups, mercapto group, C^^ 
alkylthio groups, 03.^0 cycloaikylthio groups, C^^q arylthio groups, C7.19 aralkylthio groups, heterocyclic thio groups, 
mono-Ci.g aikylamino groups, di-C.,.6 alkylamino groups, tri-C^^ alkylammonlum groups, 03.-10 cycloalkylamino 

35 groups, Cq,^q arylamino groups, Cy.^g aralkylamino groups, heterocydte amino groups, cyclic amino groups, azide 
group, nitro group, halogen atoms, cyano group, carboxyl group, C^.^q alkoxy-carbonyl groups, C^^^ aryloxy-carbonyi 
groups, C7.19 aralkyloxy-carbonyl groups, Oq,^q aryl-carbonyl groups, C^^ alkanoyi groups, alkenoyi groups, Cg.^, 
aryl-carbonyloxy groups, C2.6 alkanoyloxy groups, C3.5 alkenoyloxy groups, C1.6 alkylsulfonyl groups, C6.10 arylsulfonyl 
groups, carbamoyl groups that may be substituted for, thiocarbamoyi groups that may be substituted for, carbamoyloxy 

40 groups that may be substituted for, phthalimide groups, C^.^ alkanoylamino groups, C^^^^ aiyl-carbonylamino groups, 
0^.10 alkoxy-carboxamide groups, C6.<,o aryloxy-carboxamide groups and Cy.^g aralkyloxy-carboxamide groups; 1 to 
4 identical or different substituents at any possible positions may be present. 

[0039] Here, the heterocyclic groups of the heterocyclic groups, heterocyclic oxy groups, heterocyclic thio groups 
and heterocyclic amino groups are exemplified by the same groups as those mentioned to exemplify the heterocydte 

45 group In the above-described 'heterocyclk: carbonyl group." 

[0040] Examples of "carbamoyl groups that may be substituted for include carbamoyl groups that may be substituted 
for by 1 or 2 substituents selected from the group comprising C^^ aikyl groups, C^^q aryl groups, C^^ alkanoyi groups, 
^6-10 arytearbonyl groups and C^^ alkoxy-phenyl groups, and cyclic aminocarbonyl groups, spedflcally carbamoyl, N- 
methylcarbamoyi, N-ethytearbamoyl, N,N-dimethylcarbamoyl, N.N-diethyicarbamoyl, N-phenylcarbamoyI, N-acetyl- 

50 carbamoyl, N-benzoylcarbamoyt, N-(pHnethoxyphenyl)carbamoyl, pynrolidlnocarbonyl, plperidlnocarbonyl. piperazino- 
carbonyl and morphoiinocart>onyl. 

[0041] Examples of "thiocarbamoyi groups that may be substituted for include thiocarbamoyi groups that may be 
substituted for by 1 or 2 substituents selected from the group comprising C,^ aikyl groups and C6.,o aryl groups, 
specifically thiocarbamoyi, N-methylthiocarbamoyI and N-phenylthiocarbamoyl. 
ss [0042] Examples of "carbamoyloxy groups that may be substituted for include carbamoyloxy groups that may be 
substituted for by 1 or 2 substituents selected from the group comprising C^^ aikyl groups and C^^q aryl groups, 
specifically carbamoyloxy, N-methytearbamoyloxy, N.N-dimethyteaibamoyloxy. N-ethylcarbamoyloxy and N-phenyl- 
carbamoybxy. 
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[0043] Z is preferably (i) an alkyi group substituted for by an alkanoytoxy group, a heterocyclic group, a heterocyclic 
thio group, or the lilte. or (li) an alkenyl group substituted for by an triCi^-alkylammonlum group, an alkanoyloxy group, 
a heterocyclic group, a heterocyclic thio group. 

[0044] Here, the alkanoyloxy group is preferably a 0^.^ alkanoyloxy group, for example, specif teallyformyloxy, acety- 
5 loxy, proplonyloxy, butyryloxy. isobutyryloxy, valeryloxy. pivaloyloxy, or the like. 

[0045] The heterocyclic group Is preferably, for example, lmlda2o[1 ,2-b]pyrtdazlnlum-1 -yl, 5-amino-1 -hydroxyethyl- 

pyrazollnium-2-yl, or the like. 

[0046] The heterocyclic thio group is preferably, for example, (N-methylpyridinium-4-yl)lhio. (1-methylimida2o[1 ,2-b] 
pyridazinium-6-yl)thio, or the like. 
10 [0047] The triC^^-alkylammonium group is preferably, for example, N,N,N-carbamoylmethylethy!methylammoni- 
umyi, or the like. 

[0048] Z is more preferably a alkyi group substituted for by a C^^ alkanoytoxy, with greater preference given to 
acetyloxymethyl. 

[0049] Preferable examples of compound (II) are compounds wherein X Is an amino group. Y is a cariaoxyl group 
15 and Z is an alkyi group substituted for by an alkanoyloxy group. 

[0050] f^ore preferable examples of compound (II) are compounds wherein X is an amino group, Y is a carboxyl 
group and Z is a C^^ alkyi group substituted for by a C^.e alkanoyloxy group. 

[0051] Still more preferable examples of compound (II) are compounds wherein X is an amino group, Y is a carboxyl 
group and Z is an acetoxymethyl group. 

20 [0052] Examples of inert solvents include halogen ated hydrocarbons such as dichloromethane, chloroform and 
1 ,2-dichloroethane: aromatic hydrocarbons such as toluene and xylene; and saturated hydrocarbons such as cyclohex- 
ane. Preferable inert sohfents are halogenated hydrocarbons, with greater preference given to 1 ,2-dichloroethane, 
dichloromethane, or the like. Because compound (I) as obtained by the produc^on method of the present Invention is 
easily decomposed in the presence of a trace amount of water, the reaction is normally canied out in the absence of 

25 water. 

[0053] Regarding "a sulfur-containing acid or an ammonium salt thereof or a Lewis acid," the sulfur-containing acid 
Is exemplified by a compound represented by the fomiula: TS{0)„H (T represents a hydrogen atom, a hydroxyl group, 
a halogen atom or a hydrocarbon group as defined above that may be substituted for; n represents 1 , 2 or 3). 
[0054] The halogen atom represented by T is exemplified by fluorine and chlorine. 
30 [0055] The 'hydrocarbon groupthat may be substituted for" represented by T is C^.q alkyi groups, C2.6 alkenyl groups, 
Ce-10 ^fy' groups and C7.20 aralkyi groups. These groups are the same as those mentioned above. 
[0056] Examples of substituents for the "hydrocarbon group that may be substituted for" include halogens (e.g., 
fluorine, chlorine, bromine). 

[0057] The number of these substituents is 1 or 2, and they may be identical or not. When the hydrocartjon group 
35 is a Cg.,0 group or a C7.20 group, it may have a C^^ alkyl group (e.g., methyl, ethyO as a substrtuent. 
[0058] Sulfur-containing acids include sulfuric acid, sulfuric anhydride, sulfonic acids, sulfinic acids and sulfenic acids, 
preferably an acid which has a suffonc group, specifically sulfuric acid, methanesulfonic acid, p4oluenesulfonic acid, 
benzenesulfonic acid and chlorosutfonic acid. 

[0059] Regarding "a sulfur-containing acid or an ammonium salt thereof or a Lewis acid," the Lewis acid may be any 
40 one, so long as It serves as an electron pair receptor, exemplified by BF3-(C2H5)20, AlCig, ZnCl2, FeCIa and TiCl4. 

[0060] The "sulfur-containing acid or ammonium salt thereof or Lewis acid" is preferably sulfurfc acid, ammonium 

sulfate, methanesulfonic acid or BF3-(C2H5)0, with greater preference ghfen to sulfuric acid. 

[0061] The amount of "sulfur-containing acid or ammonium salt thereof or Lewis add" used is normally 0.005 to 0.5 

equlvalents.'preferably 0.02 to 0.1 equivalent relative to compound (11). 
45 [0062] The amount of hexamethyisllazane used is nomnally 1 to 5 equivalents, preferably 2.0 to 3.5 equh^alent relative 

to compound (II). 

[0063] Although the reactfon may be carried out at a reaction temperature between room temperature and the boiling 
point of the solvent, It is preferably carried out at 60 to 1 00**C. 

[0064] Reaction time is nonnally about 0,1 to 20 hours, preferably about 0.5 to 10 hours, 
so [0065] Compound (1) as obtained by the present invention serves as a useful intemnediate for the production of a 
large number of cephalosporin antiblotcs; the desired cephalosporin anttoiotk: can be produced from compound (I) 
by, for example, the method described below. 
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X'— ^Sv lodation ^ x'-r— |^^^ 



(111) 



Mucleophilic 
substitution 
at 3-position ^i^^ 



10 



IS 



20 



25 



R (V) 



Deprotection H2N-1 (^^^ 

' -R (VI) 
COOB 



Acylation 

at 7-poaition ^'m J^^*^ 



R (VII) 

COOH 



[In the above formulas, A represents an aikyi group; B represents a substituent; R represents a nucleophilic substituent; 
R' represents an acyl groups; the other symbols have the same def inttlons as those shown above.] 
[0066] Here, the alkyi group represented by A has the same definition as thatforthe alley! group defined forthe "alkyl 
30 group that may be substituted for* represented by Z. 

[0067] The substituent represented by B has the same definition as that for the substituent defined for the "ali<yl 
group that may be substituted for" represented by Z, except that it does not represent a halogen atom. B is preferably 
a C^.^o alionoyloxy group, more preferably a C^^ all«inoyloxy. 

[006q The nucleophilic substituent represented by R is a nucleophilic substituent in common use in the field of 
35 cephalosporin antibiotics. Examples of such nucleophilic substltuents include the imiazolium-1 -yi group described in 
JP-A-1 49682/1 987. which f omr^ a condensed ring at the 2,3-or 3,4-positlon. A particularly preferable nucleophilic sub- 
stituent is the imidazopyr1dazinlum-1-yl group. 

[0069] The acyl group represented by R' is an acyl group in common use in the field of cephalosporin antibiotics. 
Examples of such acyl groups include the group represented by the formula: 



40 



45 



n 



wherein R^ represents an amino group that may be protected; R3 represents a hydrogen atom or a hydrocarbon residue 
so that may be substituted for. which is described In JP-A-1 49682/1 987. 

[0070] Here, the "amino group that may be protected" represented by R^ is exemplified by the same amino groups 
as those mentioned to exemplify X above. 

[0071] The "hydrocarbon residue that may be substituted for" represented by R3 is exemplified by the same groups 
as the "Ci^ allcyl groups that may be substituted tor," "02.8 alkenyl groups that may be substituted for," "05.10 ^^V' 
55 groups that may be substituted for" and 'C7.20 aralkyl groups that may be substituted for" mentioned to exempli^ the 
protecting group for Y and V. 

[0072] in the method above, compound (1') is first iodated to yield compound (III). 

[0073] lodation can be achieved by a commonly Icnown method; for example, it is achieved using an iodating reagent 
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such as an iodotrialkylsilane (e.g., iodotrimethylsilane). The amount of iodating reagent used is, tor example, 1.7 to 
2.0 equivalents relative to compound (I*). Reaction temperature is, for example. 5°C to room temperature (about 15'C), 
reaction time being, for example, about 1 to 3 hours. 

[0074] Next, compound (III) is subjected to 3'position nucleophllic substitution reaction to yield compound (V). 
[0075] 3-position nucleophilic substitution reaction is achieved by a commonly known method using a nucleophllic 
reagent. When the nucleophllic reagent used Is imidazopyrldazine, for example, the amount of imidazopyrldazlne used 
is, for example, about 3 to 4 equivalents relative to compound (I*). Reaction temperature is, for example, 30 to 40''C, 
reaction time being, for example, about 2 to 5 hours. 

[0076] Compound (V) is then subjected to deprotection reaction to yield compound (Vi). 

[0077] Deprotection reac^on can be achieved by a commonly known method. When the protecting group used is a 

benzhydryl group, a p-nfiethoxybenzyl group, a tert-butyl group, a lert-butoxycarbonyl group or a formyl group, for 

example, the protecting group is removed by treatment with fonnic acid, hydrochloric add, trifluoroacette acid, acetic 

acid, phenol or crcsol. The trimethylsiiyi group is removed by treatment with water or an alcohol (e.g., methanol, 2-pro- 

panot). 

[0078] Compound (VI) thus obtained is subjected to 7-position acylation reaction to yield compound (VII). 
[0079] 7-posltion acylation can be achieved using a method in comnfion use in the field of cephalosporin antibiotics, 
such methods including the method described In JP-A-1 49682/1 987 and methods based thereon. 
[0080] When desired, compounds (ill), (V), (VI) and (VII) above may be isolated and purified by known means of 
separation and purification, e.g., concentration, concentration under reduced pressure, solvent extraction, crystalliza- 
tion, recrystallization. re-dissolution and chromatography. 

[0081] The present invention Is hereinafter described in more detail by means of the following working examples, 
comparative examples and reference example, which are not to be construed as limitative. 
[0082] In the working examples and reference example below, the production of compound (I) and the production 
of the 3-iodomethyl derivative obtained by reaction of compound (I) and ™SI were confinned by NMR analysis. Since 
compound (i) and the 3-lodomethyI derivative are both instable compounds, the yields of compound (I) was assessed 
by HPLC analysis of the compound obtained by reacting the 3-iodomethyl derivative with imidazopyridine, and subse- 
quently subjecting the reaction product to deprotection reactton, I.e., 7-amino-3-(imidazopyridazinlum)methylceph- 
3-em-4-carboxylate. 

[0083] 7-ACA, as a starting material in the following working examples and reference examples, is commercially 
available (for example, Cheil Jedang Corp., Antibioticos Corp., Biochemie Corp., or the like). 
[0084] In the working examples and reference example, high perfomnance liquid chromatography (HPLC) analysis 
was conducted under the following conditions: 



HPLC conditions: 



[0085] 

Detector : An ultraviolet absorption photometer, 254 nm (wave length) 

Column : Nucleosll 1 00-5C^9, 4.6 mm l.d. x 1 50 mm (produced by GL Science) 

Mobile phase: A mixture of 0.01 M sodium hexanesulfonate solution (pH 2.7) and methanol (95:5) 

Flow rate: LOml/min 



Exantple 1 

Production of trimethylsiiyi (6R,7R)-7-(trlmethylsllyl)amlno-3-acetoxymethylceph-3-eni-4-carboxylate 
[0086] 



^'^Tf\ « HMDS ^""'^'''"^ J^'l " 

O^Nv^CH20CCH3 ( II ' O^^^CHjOCCHa ( 1" ) 

COOH C02Si(CH3)3 



[0087] To a suspension of 2BJ2 g (1 00 mmol) of 7-ACA (Cheil Jedang Corp. , oontent 96.7%) in 1 90 ml of 1 ,2-dichlo- 
roettiane, 63 ml (300 mmol, 3.0 equivalents) of hexamethyldisilazane (HMDS) and 0.1 ml (2 mmol, 0.02 equivalents) 
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of sulfuric acid were added, followed by stirring at room temperature for 30 minutes, after which the mixture refluxed 
for 2 houra, to yield a yellowish transparent solution. An aliquot of this solution was evaporated to dryness under 
reduced pressure to distill off the solvent and excess HMDS to yield a solid residue. By ^HNMR spectral analysis of 
this residue, the production of the title compound was confinned. 
5 IHNMR (DMSO-de): 8 0.06 (s. 9H. •N-Si(CH3)3). 0.30 (s, 9H, -COaSiCCHgja), 2.03 (s. 3H. -COCH3). 3.52. 3.56 (d, 2H, 
-SCH2-). 4.72-5.04 (m. 4H, -CHgOCO-, C^-H, C7-H) 

Production of trimethylsilyl (6R,7R)-7-(trimethylsilyl)amino-3-iodomethylceph-3-em-4;carboxylate 
10 [oosq 



(CH3)3SiMH-i-Y^^ 

(I") 



" ™si a^S^^CHai (III') 



C02Si(CR3)3 



20 [0089] The yellowish transparent solution described above, i.e., the trimethylsilyl (6R,7R)-7-(trimethylsilyl)amino- 
3-acetoxymethylceph-3-em-4-cart30xylate reaction mixture in 1 ,2-dlchloroethane, was cooled to 5 to 10^*0; a solution 
of 180 nrvnol (1 .8 equivalents) of iodotrimethylsilane (TUS\) in 1 ,2-dichloroethane was added, followed by stirring at 
about 1 0*C for 3 hours, to yield a daric orange mixture. An aliquot of this mixture was evaporated to dryness under 
reduced pressure to distill off the solvent to yield a solid residue. By ^HNMR spectral analysis of this residue, the 

25 production of the title compound was confirmed. 

1HNMR (DMSO-de): 5 0.04 (s, 9H, 'N-SilCHgja), 0.31 (S. 9H, -COaSiCCHaja), 3.58, 3.74 (d. 2H, -SCHg-), 4.39 (d, 2H, 
-CH2I), 4.81 (1H, C7-H), 4.94 (1H, Cg-H) 

Production of trimethylsilyl (6R,7R)-7-(trimethylsilyl)amino-3-(lmldazopyridazinlum)methylceph-3-em-4-carboxyIate 
30 iodide (hereinafter ref en-ed to as compound (V)) 

[0090] 



40 (III') ^ 002Si(CH3)^=^ 

[0091] To the dark orange mixture described above, i.e., the trimethylsilyl (6R,7R)-7-(trimethylsilyl)amino-3-io- 
domethylcef-3-em-4-cart)oxylate in 1 ,2-dichIoroethane, 37.0 g (300 mmol, 3.0 equivalents) of dry imidazopyridazine 
4$ (content 96.6%) was added and was stirred at SS^'C for 4 hours, after which HPLC analysis demonstrated that the title 
compound was obtained at a yield of 79.6% (based on 7-ACA, the same applies below). 

Example 2 

so Production of compound (V) 

[0092] 

(ir)-,-,-^{V) (V) 

[0093] To a suspension of 28.1 g (100 mmol) of 7-ACA (content 97.0%) in 190 ml of 1 .2-dichloroethane, 63 ml (300 
mmol, 3.0 equivalents) of HMDS and 1.0 ml (8 mmol, 0.08 equivalents) of BP^iO^shP were added, followed by 
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stirring at room temperature for 30 minutes, after which the mixture ref luxed for 2 hours to yield a yellowish transparent 
solution. This solution was cooled to 5 to 10°C; a solution of 180 mmol (1 .8 equivalents) of TMSI in 1 ,2-dichloro ethane 
was added, followed by stirring at about 10'C for 3 hours, to yield a daric orange mixture. To this mixture, 37.0 g (300 
mmol, 3.0 equivalents) of dry Imidazopyrldazlne (content 96.6%) was added and stin-ed at SS^C for 4 hours, after which 
5 HPLC analysis demonstrated that compound (V*) was obtained at a yield of 73.5%. 

Example 3 

Production of compound (V) 

10 

[00941 To a suspension of 2.81 g (10.0 mmol) of 7-ACA (content 97.0%) In 19 ml of 1 ,2-dichloroethane, 6.3 ml (30 
mmol, 3.0 equivalents) of HMDS and 27 mg (0.2 mmol, 0.02 equivalents) of AICI3 (anhydrous) were added, followed 
by stirring at room temperature for 30 minutes, after which the mixture ref luxed for 2 hours. The resulting solution was 
cooled to 5 to lO'^C; a solution of 18 mmoi (1.8 equivalents) of TMSI In 1 ,2-dichloroethane was added, followed by 
IS stirring at about 1 0*C for 3 hours. To this mixture, 3.70 g (30 mmol, 3.0 equivalents) of dry imidazopyridazine (content 
96.6%) was added, followed by stirring at dS^'C for 4 hours, after which HPLC analysis demonstrated that compound 
(\r) was obtained at a yield of 68.0%. 

Example 4 

20 

Production of compound (V) 

[0095] To a suspension of 5.63 g (20.0 mmol) of 7-ACA (content 96.7%) in 38 ml of 1 ,2-dlchloroethane, 12.6 ml (60 
mmol, 3.0 equwalents) of HMDS and 53 mg (0.4 mmol, 0.02 equivalents) of (NH4)2S04 were added, followed by stirring 
25 at room temperature for 30 minutes, after which the mixture refluxed for 2 hours. The resulting solution was cooled to 
5 to 10"C; a solution of 36 mmol (1 .8 equivalents) of TMSI in 1 ,2-dichloroethane was added, followed by stimng at 
about 10"Cfor3 hours, to yield a suspension. To this mixture, 7,40 g (60 mmol, 3.0 equivalents) of diy imidazopyrldazine 
(content 96.6%) was added followed by stining at 35"C for 4 hours, after which HPLC analysis demonstrated that 
compound (V^ was obtained at a yield of 71 .9%. 

30 

Example 5 

Production of compound {V) 

35 [0096] To a suspension of 5.63 g (20.0 mmol) of 7-ACA (content 96.7%) in 38 ml of 1 ,2-dichlon>ethane, 1 2.6 ml (60 
mmol, 3.0 equivalents) of HMDS and 0.03 ml (0.46 mmol, 0,023 equivalents) of methanesulfonic acid were added, 
followed by stimng at room temperature for 30 minutes, after which the mixture refluxed for 2 hours. The resulting 
solution was cooled to 6 to 1 0*»C; a solution of 36 mmol (1 .8 equivalents) of TMSI in 1 ,2-dichloroethane was added, 
followed by stinging at about 1 0'C for 3 hours. To this mixture, 7.40 g (60 mmol, 3.0 equ walents) of dry imidazopyridazine 

40 (content 96.6%) was added, followed by was stirring at 35X for 4 hours, after which HPLC analysis demonstrated that 
compound (V) was obtained at a yield of 73.3%. 

Example 6 

45 Production of compound (V*) 

[0097] To a suspension of 28.2 g (100 mmol) of 7-ACA (content 96.7%) in 190 ml of dichloromethane, 63 ml (300 
mmol, 3.0 equivalents) of HMDS and 0.1 ml (2 mmol, 0.02 equivalents) of sulfuric acid were added, then the mixture 
refluxed for 4 hours. The resulting solution was cooled to 5 to 10**C; a solution of 180 mmol (1 .8 equivalents) of TMSI 
so In dichloromethane was added, followed by stirring at about 1 0'^C for 3 hours. To this mixture, a solution of 41 .7 g (net 
weight 350 mmol, 3.5 equh^alents) of imidazopyridazine in 27ml of dichloromethane was added, followed by stirring at 
35*'C for 4 hours, after which HPLC analysis demonstrated that compound (\0 was obtained at a yield of 80.4%. 
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Example 7 

ProducJIon of l-[[(6R7R)-7-amino-2-carboxy-B-oxo-54hio-1-a2abfeyclo[4.2.0]oct-2-en-3-y^^ ,2-bl 
pyridazinium hydroxide-inner salt monohydroiodide(7-ACP.HI) 

5 

[0098] To the solution of compound (V) produced according to the above-mentioned method, 490'ml of dichlorometh- 
ane was added, followed by stirring and was cooled to below 10*'C; with keeping the temperature below IC^C, 40.4 
ml (2 equivalents) of methanol was added to the solution, followed by stirring for 15 minutes and 44.9 g of 57% hy- 
droiodide (2 equivalents) was added dropwise over a period of ca, 30 minutes at room temperature. This solution was 
10 cooled to below S'^C, followed by stirring for 1 hour, after which the precipitated c^stals were collected by filtration, 
washed with 110 ml of cold methanol, 220 ml of cold methamol/water(1/1) and then 11 0 ml of cold methanol, and dried 
under reduced pressure to yield 48.7 g of 7-ACP HI (content: 47.3%, net weight: 23.0 g, yield based on 7-ACA: 69.5%). 

Comparative Example 1 

IS 

Production of conipound (V) 

[0099] To a suspension of 2.85 g (10.0 mmol) of 7-ACA (content 96.7%) in 19 ml of 1 ,2-dlchloroethane, 6.3 ml (30 
mmol, 3.0 equivalents) of HMDS was added, followed by stimng at room temperature for 30 minutes, after which the 
20. mixture refluxed for 2 hours. The resulting solution was cooled to 5 to 1 0°C; a solution of 1 8 nrvnol (1 .8 equivalents) 
of TMSI in 1,2-dlchloroethan6 was added, followed by stirring at about 10°C for 3 hours. To this mixture, 3.70 g (30 
mmol, 3.0 equivalents) of dry imidazopyridazine (content 96.6%) was added, followed by stirring at 35*'C for 4 hours, 
afler which HPLC analysis demonstrated that compound (V') was obtained at a yield of 49.5%. 

25 Comparative Example 2 

Production of compound (V) 

[0100] To a suspension of 34.0 g (1 20 mmol) of 7-ACA (content 96.1 %) in 230 ml of 1 ,2-dichloro6thane, 75 ml (360 
30 mmol, 3.0 equivalents) of HMDS and 450 mg (2.5 mmol, 0.02 equivalents) of saccharin were added, followed by stirring 
at room temperature for 30 minutes, after which the mixture refluxed for 2 hours. The resulting solution was cooled to 
5 to 10*C; a solution of 216 mmol (1 .8 equivalents) of TMSI in 1 ,2-dichloroethane was added, followed by stirring at 
about 1 0»C for 3 hours. To this mixture, 44.4 g (360 mmol, 3.0 equh^alents) of dry imidazopyridazine (content 96.6%) 
was added, followed by stirring at 35'*C for 4 hours, after which HPLC analysis demonstrated that compound (V') was 
3S obtained at a yield of 64.8%. 
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Reference Example 1 

Production of l4[(6R7R)-7-amino-2-carboxy-8K)xo-5-mia-1-azabicyclo[4.2.0loct-2-en-3-yQmethyllimida^^ ,2-bl 
pyridazinium hydroxide, hner salt (7-ACP) dihydrochloride 

[0101] 



HOOC 




COOB 



(Na salt) 



<DCPC> 



PCF derivatization 
reaction 



Q-ococ: 



NaOH 



Extraction with 
methyl enechloride 



THF 
HCl 
CH2CI2 



Reaction solvent: H2O 
at 5 ± 5*C, pH 9.3 ± 0.5 
<PCP> Dropwise addition for 
70 ± 30 minutes (PCF) 
Stirring for 30 ± 20 
minutes 



pH 2.5 ± 0.2 at 5 ± 5»C 



Freezing and azeotropic 
dehydration 



THF 

(C2H5)3N 
CH2CI2 



COOH 

^^-OCONH O 
<DPCC> 



Solution of (C2H5)3N 
salt in 

nethylenechloride 
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30 



BOOC> 



C\-ocom 0 



COOH 



10 <OPCC> 

IS 




3-position substi- j 
tution reaction | 


20 
2S 





cx:> 



<IP> Reaction solvent: 

Methylenechloride for * 
20^C X 180 minutes r and 
0**C K 30 minutes 



^-OCOKH 0 
<PCCP> 




H* H 



40 



45 



SO 
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HOOC 




F B 



<PCCP> 




carboxyl group 
protection reaction 






iminochlor ination | 



(C2e5)3N 

-N(CH3)2 



C2H5COC1 

CH2C12 



PCI5 
CH2CI2 



Reaction solvent: 

methylenechloride 

at -ao^Cr 

for 60 minutes 



Reaction solvent: 

methylenechloride 

at -30*Cr 

for 90 minutes 



imminoetherealization 
cleavage of side chain 
at 7-position 



Ca2Cl2 3t 25'>Cr 

for 60 minutes 




powder (2aci salt) 



H' H 



1 ) After 39.5 g (1 00 mmol) of deacetylcephalosporin C (DCPC) sodium salt was dissolved in 300 ml of water, the 
solution was cooled to 0 to 5<*C (5 ± 5*0) and adjusted to pH 9.3 (pH 9.3 ± 0.5) with a 1 0% (wAv) aqueous solution 
of NaOH. 

2) Keeping the temperature below 10°C, 17.5 g (110 mmol, 1.10 equivalents) of phenyl chlorocarbonate Is added 
dropwise over a period of ca. 70 minutes (70 ± 30 minutes); the solution was kept between pH 9.0 and 9.6 with a 
10% (w/w) aqueous solution of NaOH for about 30 minutes to minimum pl-l (stirring for 30 ± 20 minutes). 

3) After 240 ml of tetrahydrof uran (THF) was added, the mixture was cooled to 3 to 8X (5 ± S'^C) and adjusted to 
pH 2.5 {pH 2.5 ± 0.2) with concentrated hydrochloric add, then extracted with 150 ml of dichloromethane. 

4) After 76.2 ml of THF was added, the aqueous layer was adjusted to pH 2 with concentrated hydrochloric acid, 
then extracted with 126 m of dichloromethane. 

5) The organic layers were combined; 1 9.3 ml of THF was added, after which the mixture was cooled below -20*'C 
to freeze the water content, then filtered. 

6) The frozen product was washed with 42.1 ml of THF preceded below -20°C. 

7) The filtrate and washings were connblned; 21 .8 ml (170 mmol, 1 .70 equivalents) of triethytamlne and 1 02.9 ml 
of dichloromethane were added; the solvent Is distilled off under reduced pressure to yield (6R,7R)-7-[((R)-5-phe- 
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noxycarbonylamlno-5-carbo)(yvaIeramlde]-3-hydroxymethyl-8-oxo-54hia-1-azablcycte 
Ic acid (DPCC). 

8) DPCC was azeotropbally dehydrated by the addition of 35.7 g of Imidazopyridine and 200 ml of dichloromethane. 

9) The dry product obtained was azeotropically dehydrated by the addition of 200 ml of dichloromethane. This 
procedure is repeated 3 times. 

1 0) The thus-obtained dry DPCC product was adjusted to 1 80 g by the addition of dichloromethane and cooled to 

-25 to -20°C. 

11) After 36.0 g (180 mmol, 1 .80 equivalents) of 2-elhoxy-1 ,3,2-benzodioxaphosphor-2-oxide (EPPA) was added 
dropwise over a period of 1 0 minutes, the solution obtained was washed with 4 ml of dichloromethane. 

12) After reaction at -20*'C for 3 hours, the temperature was raised to O'^C, followed by stirring for 30 minutes, to 
yield 1-[[(6RJR)-7-[(R)-5-phenoxycarbonylamino-5K;arboxyvalerylamidel-2'<:arboxy-B-oxo-5-thia^ 
[4.2.0]octo-2-en-3-yl]methyOimidazo[1 ,2-b]pyrida2inium hydroxide (PCCP). 

13) To PCCP, 300 ml of dichloromethane and 17.8 ml of triethylamine were added; after the mixture was stirred 
and dissolved at 5 to IS'C for 15 minutes, 87.0 ml of dimethylanillne (DMA) and 230 ml of dichloromethane were 
added; the mixture cooled below -45''C. 

14) To the solution obtained, 61.2 ml of propionyl chloride was added dropwise at -30°C over a period of ca. 5 
minutes, followed by reaction for 1 hour. 

1 5) To the reaction mixture, a suspension of 76.2 g of phosphonjs pentachloride (PCIg) in 1 23.8 ml of dichlorometh- 
ane, previously cooled to -40*C, was added, followed by reaction at -SO'C for 90 minutes. 

16) After 374 ml of dichloromethane was then added, the mixture was cooled to •30''C. 

17) Additionally, 600 ml of isobutanol was added without delay; the temperature was raised to 25''C, followed by 
reaction for 1 hour. 

1 8) The reaction mixture was filtered under a nitrogen atmosphere; the filtrate was washed with 300 ml of dichlo- 
romethane and dried under reduced pressure to yield 1-[[(6R,7R)-7-amino-2-carboxy-8-oxo-5-thia-1-azabicyclo 
[4.2.0]octo-2-en-3-yllmethyOimida2o[1.2-b]pyridazinium hydroxide (7-ACP) dihydrochloride. 

industrial Applicability 

[0102] According to the present invention, compound (I), which is useful as a starting material for cephalosporin 
antibiotics, i.e., a 7-aminocephaiosporanoic acid derivative, can be produced at high yields with simple procedures. 
[0103] In addition, as stated above, the entire process for production of compound (V) from starting material (II) can 
be achieved on a "one-por basis, i.e., in a single solvent without isolation of intermediate compounds. 



wherein X' represents an amino group that may be protected or trimethylsilylated; Y' represents a carboxyl group 
that may be protected or trimethylsllylated;Z represents® hydrogen.® a C^^ allcoxy group. (D aC^^alkyl 
group or® an C2.Ba!kenyl group, each of (D and0 being unsubstituted or substituted by 1 to 4 substituents 
selected from the group consisting of (1) a C^.^q allcanoyloxy group, (2) a heterocyclic group, (3) a C^^ alkoxy 
group, (4) a O^y cycloalkyloxy group. (5) a O^^q aryloxy group, (6) a Cy.^j aralkyloxy group, (7) a heterocyclic- 
oxy group, (8) a mercapto group, (9) a C^.q alkylthio group, (10) a C3.^o cycloalkylthio group, (11) a C^^^y arylthio 
group, (12) a Cy.^g aralkylthio group, (13) a heterocyclic thro group, (14) a mono-C^.g alkylamino group, (15) a 
di-Ci.6alkylamino group, (16) a tri-Ci.6alkylammonium group, (17) a C^^q cycloalkylamino group^ (IB) a Cq^^q 
arylamino group, (1 9) a Cy.^g aralkylamino group, (20) a heterocyclic amino group, (21) a cyclic amino group, (22) 
an azide group. (23) a nitro group, (24) a halogen atom, (25) a cyano group, (26) a C^.^o alkoxy-cari^onyl group, 
(27) a C6.10 aryloxy-carbonyl group, (28) a Cy.^s aralkyloxy-carbonyl group, (29) a Cg^io aryl-carbonyl group, (30) 
a C^^ alkanoyi group, (31) a C3.5 alkenoyi group, (32) a C^^q aryl-carbonyloxy group, (33) a Cg^ alkanoyloxy 



Claims 



1 . A method of producing a compound represented by the formula: 
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group. (34) a C3.5 alkenoyloxy group, (35) a C^^ alkylsulfonyl group, (36) a Cg-io arylsulfonyl group, (37) a car- 
bamoyl group substituted by 1 or 2 substituents selected from the group consisting of a C^.e alkyl group, a C^^o 
aryl group, a C^^ alkanoyl group, a Cq,^o arylcarbonyl group and a C^^ alkoxy-phenyl group, (SB) a cyclic amlno- 
carbonyl group, (39) a thiocarbamoyi group substituted by 1 or 2 substituents selected from the group consisting 
of a C,^ alkyl group and a Cq.^q aryl group, (40) a carbamoyloxy group substituted by 1 or2 substituents selected 
from the group consisting of a C^.g alkyl group, and a C^^^ aryl group, (41) a, phthalimide group, (42) a C^^ an 
alkanoylamino group, (43) a C6.ioaryl-carbonylamino group, (44) a C^.^q alkoxy carboxamide group, (45) a C^^q 
aryl-carboxannide group and (46) a C7.19 aralkyloxy-carboxamide group, and the heterocyclic group of a hetero- 
cydto group, a heterocyclic-oxy group, a heterocyclic-thio group and a heterocyclic amino group being 5- to 8-mem- 
bered ring containing 1 to 4 hetero atoms selected from the group consisting of a nitrogen atom (which may be 
oxidated), an oxygen atom and a sulfur atom, or a condensed ring thereof, at least one of X' and Y' is trimethyls- 
llylated, which comprises reacting a compound represented by the fomnula: 



wherein X represents an amino group that may be protected; Y represents a carboxyl group that may be protected; 
at least one of X and Y is not protected, with hexamethyldisilazane In an Inert solvent In the presence ot (I) a sulfur- 
containing acid represented by the fomnula: 



whereinTis® a hydrogen atom, © a hydroxy! group, (D a halogen atom (3) a C1.6 alkyl group, (D Cg^alkenyl 
group,® aC6.ioarylgroupor® a Cy.goara'kyl group, the above® and© being unsubstltuted or substituted 
by 1 or 2 halogen atoms, and the above (D and 0 being unsubstltuted or substituted by 1 or 2 substituents 
selected from the group consisting of a halogen atom, 

and a C^^alkyl group, and n represents 1 , 2 or 3, or (ii) an ammonium salt thereof or (Hi) a Lewis add selected 
from the group consisting of BFg • (CgHgjgO, AICI3, ZnClg. FeCfg and T1CI4. 

2. The method according to claim 1 , wherein X Is an amino group. Y Is a caiboxyl group, and Z is a Ct^ alkyl group 
substituted for by a C^.^q alkanoyioxy group. 

3. The method according to daim 1 , wherein the reaction Is carried out In the presence of a sulfur-containing acid. 

4. The method according to claim 3, wherein the sulfur-containing acid is the acid which has a sulfonic group selected 
from the group consisting of sulfuric acid, methanesulf onic acid, p-toluenesulfonic acid, benzenesulfonic acid and 
chiorosulfonlc acid. 

5. The method according to daim 3, wherein the sulfur-containing add is sulfuric acid. 
. 6. A method of producing a compound represented by the formula: 



wherein X' represents an amino group that may be protected ortrimethylsilylated; Y' represents a carboxyl group 
that may be protected or trimethylsilylated; A represents a C,^ alkyl group and R respresents a nudeophllic sub- 




Y 
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stituent, at least one of X' and Y' is tilmethylsilylated, which, comprises reacting a compound represented by the 
fonrtula: 



wherein X represents an amino group that may be protected, Y represents a carboxyi group that may be protected, 
B represents (1 ) a C^.^o all^noyloxy group, (2) a heterocyclic group, (3) a 0^.6 alkoxy group. (4) a C3.7 cycloalicyloxy 
group, (5) a C^^q aryloxy group, (6) a Cy.^g aralkyloxy group, (7) a heterocyclic-oxy group, (8) a mercapto group, 
(9) a C,^ alkylthio group, (10) a C3.10 cycloalkylthio group, (11) a C^^q arytthio group, (12) a Cy.^g arallcytthio 
group, (13) a heterocyclic thio group, (14) a mono-C^^ allcylamino group, (15) a di-C^^allcylamlno group, (16) a 
tri-Ci.6alkylammonlum group, (17) a C^^q cycloalkylamino group, (18) a C^.^^ arylamino group, (19) a C^.^g ar- 
alkylamino group, (20) a heterocyclic amino group, (21) a cyclic amino group, (22) an azide group, (23) a nitro 
group. (24) a cyano group, (25) a C^.^o alkoxy-carbonyl group, (26) a Cg-io aryloxy-carbonyl group, (27) a Cy.-jg 
aralkyloxy-caibonyl group, (28) a C6.10 aryl-carbonyl group, (29) a C^^ alkanoyi group, (30) a C3.5 alkenoyi group, 
(31) a Cg-io aryl-carbonyloxy group, (32) a Cg^ alkanoyloxy group, (33) a C3.5 alkenoyloxy group, (34) a 0^^ 
alkylsulfonyl group, (35) a Cq,^q arylsulfonyl group, (36) a carbamoyl group substituted by 1 or 2 substituents 
selected from the group consisting of a C^^ alky! group, a C6.^o aryl group, a C^^ alkanoyi group, a Cg^^o a^ylcar- 
bonyl group and a C^^ alkoxy-phenyl group, (37) a cyclic aminocarbonyt group, (38) a thiocarbamoyi group sub- 
stituted by 1 or 2 substituents selected from the group consisting of a C^.^ alkyi group and a Cg-io aryl group, (39) 
a carbamoyioxy group substituted by 1 or 2 substituents selected from the group consisting of a C^^ alkyI group, 
and a C^^q aryl group, (40) a, phthalimide group, (41) a C^^ an alkanoylamino group, (42) a C6.ioaryl-carbon> 
ylamino group, (43) a C^.^q a'lcoxy carboxamlde group, (44) a C^^^ aryl-carboxamide group and (45) a C^^^^ 
aralkyloxyKiarboxamide group, and the heterocyclic group of a heterocyclic group, a heterocyclic-oxy group, a 
heterocyclic-thio group and a heterocyclic amino group being 5- to 8-membered ring containing 1 to 4 hetero atoms 
selected from the group consisting of a nitrogen atom (whteh may be oxidated), an oxygen atom and a sulfur atom, 
or a condensed ring thereof, at least one of X and Y is not protected and other symbols have the same meanings 
given above, with hexamethyldisilazane In an inert solvent In the presence of (i) a sulfur-containing acid represented 
by the formula: 



wherein Tis0 a hydrogen atom, (g) ahydroxylgroup,® a halogen atom (3) aCi.6aIkylgroup,(D C2^ alkenyl 
group, ® a C^^q aryl group or ® a C7.20 aralkyi group, the above ® and(D being unsubstltuted or substituted 
by 1 or 2 halogen atoms, and the above (D and 0 being unsubstltuted or substituted by 1 or 2 substituents 
selected from the group consisting of a halogen atom, 

and a C^^ alkyi group, and n represents 1 , 2 or 3, or (ii) an ammonium salt thereof or (ill) a Lewis add selected 
from the group consisting of BF3 • (02^(5)20, AICI3, ZnCl2, FeCIa and TiCl4 and A has the meaning give above, to 
give a compound of the formula: 



wherein each symbol has the meaning give above, subjecting the resulting compound to iodation reaction to give 
a compound represented by the formula: 




s 
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wherein each symbol has the meaning give above, and the subjecting the resulting compound to nucleophilic 
substitution reaction. 

7. A method according to claim 6, wherein B Is a C^.^q aDcanoyloxy group. 

8. A method according to claim 6, wherein B Is a O,^ ailcanoyloxy group. 

Patentansprflche 

1 . Verfahren zum Herstelien einer durch die Fonnet 



dargestellten Verbindung, worin X' eine Aminogruppe darstellt, die geschutzt oder trimBthylsilyllert sein kann; Y* 
eine Carboxygruppe darstellt, die geschutzt oder trimethylsilyliert sein Icann; Z® Wasserstoff,® eine C^.6-AII(- 
oxygruppe.® eine Ci^-AH<yigruppe oder® eine Ca^-Alkenylgruppe darstellt, wobel® und® Jewells unsub- 
stituiert oder durch 1 bis 4 Substituenten substituiert sind, die aus der Gruppe ausgewahit sind, die aus (1] einer 
Cvio-AIkanoyioxygruppe, (2) einer heterocyclischen Gruppe, (3) einer C,^-Alkoxygruppe, (4) einer C3.rCycloal- 
kyioxygnjppe, (5) einer C6.to-Aryloxygmppe, (6) einer Cy.^g-Aralkyloxygruppe, (7) einer Heterocyclooxygruppe, 
(8) einer Mercaptogruppe, (9) einer Ci.6-Alkylthiogruppe, (10) einer C3.io-Cycioalkylthlogruppe, (11) einer C^^q- 
Aryithiogruppe (12) einer Cy.ig-Aralkylthlogruppe, (13) einer Heterocyclothiogruppe, (14) einer Mono-C^^-alky- 
laminogmppe, (1 5) einer Di-Ci^-alkylaminogruppe, (1 6) einerTri-Ci.e-alkylammonlumgnjppe, (1 7) einer C^^Q-C^f- 
cloalkylaminogruppe, (1B) einer Ce-io-Arylaminognippe, (19) einer Cy.^g-Aralkylaminogruppe, (20) einer Hetero- 
cydoaminogruppe, (21) einer cyclischen Aminogruppe, (22) einer Azidgruppe. (23) einer Nitrogruppe, (24) einem 
Halogenatom, (25) einer Cyangruppe, (26) einer C^.^o-Alkoxycarbonylgruppe, (27) einer C6.^o-Aryloxycarbonyl- 
gruppe, (28) einer Cy.ig-Araikyloxycarbonylgruppe, (29) einer C6.io-Arylcarbonyigruppe, (30) einer Ci.6-AIkanoyl- 
gruppe, (31) einer C3.5-Alkenoylgruppe, (32) einer Cs^-io-Arylcarbonyloxygruppe, (33) einer C2.6-Aikanoyloxygrup- 
pe. (34) einer C3.5-Aikenoyloxygruppe. (35) einer Ci.6-Aikylsulfonyignjppe, (36) einer Cg-io-Arylsulfonylgruppe, 
(37) einer Carbamoylgruppe, die durch 1 oder 2 aus der aus einer Ci.6-Alkylgruppe, einer Ce-io'Arylgruppe, einer 
C^^-Aikanoylgruppe, einer Ge.io-Arylcart)onylgruppe und einer C^^-Alkoxyphenylgruppe bestehenden Gruppe 
ausgewahlte Substituenten substituiert ist, (38) einer cyclischen Aminocarbonylgruppe, (39) einer Thlocarbamoyl- 
gruppe, die durch 1 oder 2 aus der aus einer C^^-Aikyigruppe und einer C6.^o"Afylgruppe bestehenden Gruppe 
ausgewahlte Substituenten substituiert ist, (40) einer Carbamoyloxygmppe, die durch 1 oder 2 aus der aus einer 
Ci^-Alkylgruppe und einer Cg.,o-Afyigruppe bestehenden Gruppe ausgewahlte Substituenten substituiert ist, (41 ) 
einer Phthallmldgruppe, (42) einer Ci^-Alkanoylaminogruppe. (43) einer C6.io"Arylcarbonyiaminogruppe, (44) ei- 
ner Ci.io-A!koxycarbonsaureamidgruppe, (45) einer Cg-to-Arylcarbonsaureamldgruppe und (46) einer Cy.ig-Aral- 
kyloxycarbonsaureamidgruppe besteht und die heterocyclische Gruppe einer heterocyclischen Gruppe, einer He- 
terocyclooxygruppe, einer Heterocyclothiogruppe und einer Heterocycloaminogruppe ein 5- bis Sgliedriger Ring, 
der 1 bis 4 aus der aus einem Stickstoffatom (das oxidiert sein kann), eInem Sauerstoffatom und einem Schwe- 
felatom bestehenden Gruppe ausgewahlte Heteroatome enthait, oder ein kondensierter Ring davon 1st, und we- 
nigstens eines von X" und Y trimethylsilyliert ist, das das Umsetzen einer durch die Formel 
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dargestellten Veitindung, worin X eine Aminogruppe darstellt, die geschutzt sein kann; Y eine Carboxygruppe 
darstellt, die geschutzt sein kann, und wenlgstens eines von X und Y nicht geschutzt ist, mit Hexamethyldisilazan 
in einem inerten Losungsmittel in Gegenwart (i) einer durch die Fonnel 



dargesteliten, schwefelhaltigen Saure, worin T® ein Wasserstoffatom, ® eine Hydroxygruppe, ® ein Halo- 
genatom,® eine Ci.6-Alkylgruppe, © Cg-G-^I^^^V'S'^PP®' ® e'ne Ce-io-Arylgruppe oder® eine C7.2o-Aral- 
kylgojppe ist, wobei die vorstehenden @ und® unsubstituiert oder durch 1 oder 2 Haiogenatome substituiert 
slnd und die vorstehenden© und® unsubstituiert oder durch 1 oder 2 Substituenten substituiert sind, die aus 
der aus einem Halogenatom und einer C^^-AIIcylgnippe bestehenden Gruppe ausgewahit sind und n 1 , 2 oder 3 
darstellt, oder (ii) eines Ammoniunfisalzes davon oder (iil) einer aus der aus BF3 (C2Hs)^' ^'^^b' ^^^'a 
und T1CI4 bestehenden Gruppe umfaBt. 

2. Verfahren gemaB Anspruch 1 , wobei X eine Aminogruppe ist, Y eine Carboxygruppe ist und Z eine durch eine 
^MD'Alkanoyloxygruppe substituierte C^.g-Alkylgruppe Ist. 

3. Verfahren gemaB Anspmch 1 , wobei die Reaklion in Gegenwart einer schwefeihaltigen Saure durchgefuhrt wird. 

4. Verfahren gemaB Anspnjch 3, wobei die schwef eihaitige S&ure eine Saure ist, die eine SulfonsSuregruppe aufweist 
und aus der aus Schwef elsaure, IVIethansutf onsaure, p-Toluolsuifonsaure, Benzolsulfonsaure und Chlorsuifons&u- 
re bestehenden Gruppe ausgewdhtt ist. 

5. Verfahren gemaB Anspruch 3, wobei die schwefeihattige Saure Schwefelsaure ist. 

6. Verfahren zum Herstellen einer durch die Fomiel 



dargesteliten Veri9lndung, worin X' eine Aminogruppe darstellt, die geschOtzt oder trimethyisilyliert sein kann; Y' 
eine Carboxygruppe darBtellt, die geschutzt oder trimethyisilyliert sein kann; A eine C,^-Alkytgnippe darstellt und 
R einen nuWeophilen Substituenten darstellt, wobei wenlgstens eines von X' oder T trimethyisilyliert ist, das das 
Umsetzen einer durch die Fonmel 



dargesteliten Verbindung, worin X eine Aminogruppe darstellt, die geschutzt sein kann, Y eine Cart^oxygruppe 
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darstellt, die geschutzt sein kann, B (1) eine C^.^o-Alkanoyloxygruppe, (2) eine heterocyclische Gruppe, (3) eine 
Ci.6-Alkoxygruppe, (4) eine C3.7-Cycloalkyloxygmppe, (5) eine C6.io-Aryloxygnjppe, (6) eine C7.i9-Aralkyloxy- 
gruppe, (7) eine Heterocyciooxygruppe, (B) eine IVIercaptogruppe, (9) eine C^^-Aikylthiogruppe, (1 0) eine C^^q-C)/' 
cloalkylthiogmppe, (11) eine C6.io-C6.io-Arylthiogruppe (12) eine Cy.ig-Aralkytthiogruppe, (13) eine Heterocyclot- 
hlogruppe, (14) eine Mono-C^^-alkylaminogruppe, (15) eine Dl-Ci^alkylanninogruppe, (16) eine Tri-C^.6-a!kylam- 
moniumgmppe, (17) eine Cg.io-Cyc'oalkylaminogruppe, (18) eine C^.^Q-Arylamlnogmppe, (19) eine Cy.^g-Aralky- 
laminogruppe, (20) eine Heterocycloaminogruppe, (21) eine cyclische Aminogmppe, (22) eine Azidgruppe, (23) 
eine Nitrogruppe, (24) eine Cyangruppe. (25) eine C^.^Q-Alkoxycarbonyigruppe, (26) eine Ce-io-Aryioxycarbonyl- 
gruppe, (27) eine Cy.^g-Aralkyloxycarbonylgruppe, (28) eine Ce.^o-Arylcarbonylgruppe, (29) eine Ci.e-Alkanoyl- 
gruppe, (30) eine C3.5-Alkenoylgruppe, (31) eine C6.io*Aiylcarbonyioxygruppe, (32) eine Cg^-Alkanoyioxygmppe, 
(33) eine C3.5-A!kenoyloxygmppe. (34) eine ^.g-Alkylsulfonylgruppe, (35) eine C6.io-Arylsulfonylgruppe, (36) eine 
Carbannoylgruppe, die durch 1 oder 2 aus der aus einer Ci^-Alkyigruppe, einer Cg.^o'A'y'O'^PP®' ^^^^^ ^^-B' 
Alkanoylgruppe, einer Ce-io-Aryicarbonylgmppe und einer Ci.6-Alkoxyphenylgruppe bestehenden Gruppe ausge- 
wShlte Substltuenten substltuiert 1st, (37) eine cycilsche Aminocaitonylgruppe, (38) eine Thlocarbamoylgruppe, 
die durch 1 oder 2 aus der aus einer C^^-Alkylgruppe und einer C6.io-AiyIgrupp6 bestehenden Gruppe ausge- 
wdhlte Substltuenten substituiert ist. (39) eine Carbamoyloxygruppe, die durch 1 oder 2 aus der aus einer C^^- 
Alkylgruppe und einer Ce..,Q-Arylgruppe bestehenden Gmppe ausgewShlte Substltuenten substituiert ist, (40) eine 
Phthallmidgruppe, (41 ) eine C-,^-Alkanoylaminogmppe, (42) eine 0^,^ o-Aryicarbonylaminogruppe, (43) eine C^.-jq- 
Alkoxycarbonsaureamidgruppe, (44) eine C6.^o-Arylcart)onsaureaniidgruppe und (45) eine Cy.ig-Aralkyloxycar- 
bonsaureamidgruppe dar und die heterocyclische Gruppe einer heterocyclischen Gruppe, einer Heterocydooxy- 
gruppe, einer Heterocyclothiogruppe und einer Heterocycloaminogruppe ein 5- bis Sgliedriger Ring, der 1 bis 4 
aus der aus einem Stckstoffatom (das oxidiert sein kann), einem Sauerstotfatom und einem Schwefelatom be- 
stehenden Gruppe ausgewdhlte Heteroatome enthSIt, oder eIn kondensierter Ring davon ist, und wenlgstens eines 
von X' und Y* nicht geschutzt ist und die anderen Symbole dieselben Bedeutungen wie vorstehend angegeben 
aufweisen, mit Hexamethyldisilazan in einem inerten Losungsmittel in Gegenwart (i) einer durch die Formel 



dargestelltenschwefelhaltigenSaure.worinT® ein Wasserstoff atom, (D einefHydroxygruppe,® einHalogena- 
tom,(3) eineC,.6-Alkylgruppe,(D Cg^-Alkenylgruppe.d) elneC6.io-AryIgruppeoder(2) elneC7.2o-Araikylgruppe 
ist, wobei die vorstehenden® und(g) unsubstituiert oder durch 1 oder 2 Halogenatome substituiert sind und die 
vorstehendend) und® unsuktstituiert oder durch 1 oder 2 Substituenten substituiert sind, die aus der aus einem 
Halogenatom und einer C^^-Aikylgruppe ausgewahit sind, und n 1 , 2 oder 3 darstellt oder (ii) eInes Ammonium- 
salzes davon oder (ifi) einer aus der aus BF3 (C2H5)20, AiCia. ZnClg, FeCig und TiCi4 bestehenden Gruppe aus- 
gewahlten Lewissaure und A die vorstehend angegebene Bedeutung aufweist, unter Ergeben einer Verbindung 
der Fomiel 



worin jedes Symbol die vorstehend angefubrte Bedeutung aulweist, Unterziehen der steh daraus ergebenden 
Verbindung einer lodlerungsreaktion unter Ergeben einer durch die Formel 



dargesteilten Verbindung, worin jedes Symbol die vorstehend angegebene Bedeutung aufweist, und Unterziehen 
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der sich daraus ergebenden Verbindung einer nukleophilen Substitutionsreaktion umfaBt 

7. Verfahren gemaB Anspaich 6, wobei B eine C^.-jQ-Alkanoyloxygruppe 1st. 

8. Verfahren gemaB Anspmch 6. wobei B eine C^^-Alkanoyloxygruppe ist. 

Revendicatlons 

1 . Proc6d6 de pr^aration de composes repr6sent6s par la formule 




dans laquelle 

X* repr^serite un groupe amino qui peut porter un groupe protecteur ou un groupe trimSthylsilyle, 
Y* rapr^serrte un groupe carboxyle qui peut porter un groupe protecteur ou un groupe trim^tbyisilyle, 
et Z repr^sente 

a) un atome d'hydrog^ne, 

b) un groupe alcoxy en C^^, 

c) un groupe allcyle en C^.6i 

d) ou un groupe alc6nyle en Cg^, 

chacun des groupes (c) et (d) pouvant ne porter aucun substituant ou porter 1 h 4 substituants choisis dans I'en- 
semble que constituent 

1) un groupe abanoyloxy en C^.^q. 

2) un groupe h^t^rocyclyle, 

3) un groupe alcoxy en C^^, 

4) un groupe cycloalcoxy en C3.7, 

5) un groupe aryloxy en Ce-ic 

6) un groupe aralcoxy en 67.^9, 

7) un groupe hSt^rocydyi-oxy, 

8) un groupe mercapto, 

9) un groupe allcytthio en C^^, 

10) un groupe cycloalkyfthio en 03.^0, 

11) un groupe arylthio en O^^q, 

12) un groupe aralkytthio en 

13) un groupe h6t6rocyclyl-thlo. 

14) un groupe mono{alkyle en Ci^)amino, 

15) un groupe di(alkyle en C^^)amino, 

16) un groupe trl(alkyle en C^.6)ammonium, 

17) un groupe {cycloalkyie en C3,io)aniino, 

18) un groupe (aryle en C6.io)a>Tilno, 

19) un groupe (aralkyle en C7.<|g)anilno. 

20) un groupe heterocydykaniino, 

21) un groupe amino cyclique, 

22) un groupe azido, 

23) un groupe nitro, 

24) un atome d'hatog^ne, 

25) un groupe cyano, 

26) un groupe (alcoxy en C^.^o}^^^"yl^' 
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27) un groupe (aryloxy en C6.io)carbony!e, 

28) un groupe (aralcoxy en C7.i9)carbonyle, 

29) un groupe (aryle en CB.io)cafbonyle, 

30) un groupe aicanoyle en C,^, 

31 ) un groupe aIc6noyle en 03^, 

32) un groupe (aiyle en Ce.iQ)carbonyloxy, 

33) un groupe alcanoyloxy en C2.6t 

34) un groupe alc6noyloxy en C3.5, 

35) un groupe alkylsutfonyle en C^.^, 

36) un groupe arylsutfonyle en O^^q, 

37) un groupe carbamyle poitant 1 ou 2 substituants choisis parmi ies groupes alkyle en C^^, aryle en 0^^q» 
aicanoyle en C^^, (aryle en C6.io)carbonyle et (alcoxy en Ci^)ph6nyle, 

38) un groupe (amino cyclique)carbonyle, 

39) un groupe thiocarbannyle portant 1 ou 2 substituants chotsis parml Ies groupes alkyle en C^^ et aryle en 

40) un groupe carbamyloxy portant 1 ou 2 substituants choisis parml Ies groupes alkyle en C^^ et aryle en 

^6-10' 

41) un groupe phtallmido, 

42) un groupe (aicanoyle en Ci^)aimno, 

43) un groupe (aryle en Ce.^o)caibonylamino, 

44) un groupe (aboxy en Ci.^o)cafboxamicio, 

45) un groupe (aryle en Cg.i(^carboxamlclo. 

46) et un groupe (aralcoxy en C7.i9)carboxamldo, 

Ies h6t6rocycles des groupes h6t6rocyclyle, h6t6rocyclyl-oxy, h6t6rocyclyl-thio et heterocyclyl-amino 6tanl des 

cycles constitues d© 5 & 8 chaTnons dont 1 & 4 h6t6roatomes choisis panmi Ies atomes d'azote (eventueilement 

oxyd§), d'oxygdne et de soufre, ou des cycles condenses d^riv^s de teis cycles, 

et au molns fun des groupes repr^sent^s par X" et V portant un groupe trimdthylsllyle, 

lequel proc6d6 comporte le fait de fairs rdagir, un composd reprdsentd par la fomnule 




Y 

dans laquelle 

X represente un groupe aniino qui peut porter un groupe protecteur, 

et Y reprdsente un groupe carboxyle qui peut porter un groupe protecteur, 

au moins I'un des groupes repr6sent6s par X et Y ne portant pas de groupe protecteur, 

avec de i'hdxamdthyklisilazane, dans un solvant inerte, et en presence 

!) tfun adde sDufr6 repr6sem6 par la formule 

T-S(0)„H 

dans laquelle T repr^ente 

la) un atome d'hydrogfene, 

2a) un groupe hydroxyle, 

3a) un atome d'halog^ne, 

4a) un groupe alkyle en 

Sa) un groupe alc6nyle en Cg^, 

6a} un groupe aryle en C^^q, 

7a) ou un groupe aralkyle en C7.2D. 
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les groupes (4a) et (Sa) ci-dessus pouvant ne porter aucun substituant ou porter 1 ou 2 substituants 
choisis parmi les atomes rfhalogene, et les groupes (6a) et (7a) ci-dessus pouvant ne porter aucun substituant 
ou porter 1 ou 2 substituants choisis parmi les atomes d'halog&ne et les groupes alkyle en C^^, 
et n reprdsente le nombre 1 , 2 ou 3, 

II) ou d'un sel d'ammonlum d'un tel adde, 

III) ou d'un aclde de Lewis cholsi parmi BF3»(C2H5)20, AlClg, ZnClg, 



FeClget 11014. 



10 

2. Proc6d6 confonme d la revendication 1 , dans lequel X represents un groupe amino. Y reprdsente un groupe car- 
boxyla. et Z reprdsente un groupe alkyle an C^^ portant comme substituant un groupe alcanoyloxy en C^.^q- 

3. Proc6d6 conforme k la revendtoatlon 1 , dans lequel la reaction est effectu6e en presence d'un aclde soufr6. 

IS 

4. Proc^dd confomne k la revendication 3, dans lequel Tacide soufrS est un aclde comportant un groupe sulfo. cholsi 
parmi les acldes sulturlque, mSthanesulfonique, p-tolu^nesulfonique, benzfenesulfonlque et chlorosutfonlque. 

5. Proc^dd confonme k la revendication 3. dans lequel Packie soufr6 est de I'acide sulfurique. 

20 

6. Proc6d6 de preparation de composes repr^sentes par la fonDule 
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dans laquelle 

X* reprdsente un groupe amino qui peut porter un groupe protecteur ou un groupe trimethylsilyle, 
V repr^sente un groupe carboxyle qui peut porter un groupe protecteur ou un groupe trimethylsilyle, 
A represente un groupe alkyle en 0^6* 
et R represente un substituant nucieophile, 

au moins Tun des groupes repr6sentes par X' et Y' portant un groupe trimethylsilyle, 
lequel proc6de comporte le fait de faire reagir un compose represente par la lomiule 



40 



45 




50 



dans laquelle 

X represente un groupe amino qui peut porter un groupe protecteur, 
Y represente un groupe carboxyle qui peut porter un groupe protecteur, 
B represente 



55 



1) un groupe abanoyioxy en C^.^g, 

2) un groupe heterocyclyle, 

3) un groupe atooxy en 0^.^, 

4) un groupe cycloalcoxy en C^y, 

5) un groupe aryloxy en Cg.io> 

6) un groupe arateoxy en Cy.^g, 

7) un groupe heterocydyl-oxy, 
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8) un groupe mercapto, 

9) un groupe alkytthio en C^^. 

10) un groupe cycloalkytthio en C^^q, 

11) un groupe arylthio en Cg.^Q, 

12) un groupe aralkylthio en Cy.^g, 

13) un groupe h6t6rocyclyl-thlo, 

14) un groupe mono(alkyIe en Ci^)amino, 

15) un groupe di(alkyle en Ci^)annino, 

16) un groupe tri(aikyle en C^.6)ammonium, 

17) un groupe (cycloalkyie en C3.^Q)amino, 

18) un groupe (aryle en Ce.io)^^n°' 

19) un groupe (araikyle en C7.^g)amino, 

20) un groupe h6t6rocyclyl-amino, 

21) un groupe amino cydique, 

22) un groupe azido, 

23) un groupe nitre, 

24) un groupe cyano, 

25) un groupe (aboxy en C^.^Q)carbonyle, 

26) un groupe (aryloxy en C6.io)cart)onyle. 

27) un groupe (aralcoxy en C7.ig)carbonyle, 

28) un groupe (aryle en Cg.^Q)carbonyle, 

29) un groupe alcanoyie en C^^, 

30) un groupe alcanoyie en 63^, 

31) un groupe (aryle en C6.io)cart>onyloxy, 

32) un groupe alcanoyloxy en C2.6, 

33) un groupe alc6noyloxy en C3.5, 

34) un groupe alkylsutfonyle en C^^, 

35) un groupe arylsulfonyle en Ce.10. 

36) un groupe carbamyle portent 1 ou 2 substituants chotsis pamrii les groupes aikyia en C^^, aryle en Cg.^o, 
alcanoyie en (^ly'® ®" CB.io)cart>ony'e (alcoxy en Ci^)phenyle, 

37) un groupe (amino cyclique)carbonyle, 

38) un groupe thiocarbamyle portant 1 ou 2 substituants cholsis parmi les groupes alkyle en et aryle en 

^6-10. 

39) un groupe carbamyloxy portant 1 ou 2 substituants cholsis panfnl les groupes alkyle en C^.g et aryle en 

^6-10' 

40) un groupe phtalimido, 

41) un groupe (ateanoyle en C-|^)amino, 

42) un groupe (aryle en CB.io)carboi^yl^i"0' 

43) un groupe (aboxy en Ci.io)carboxamido, 

44) un groupe (aryle en Ce.to)carboxamido, 

45) et un groupe (aralcoxy en C7.ig)carboxamldo, 

les h6t6rocycles des groupes h6t6rocyctyle, h6terocyclyl-oxy, hdtdrocydyl-thio et het6rocydyl-amino dtant des 

cycles constitu6s de 5 ^ 8 chaTnons dont 1 h 4 h6t6roatomes clioisis panmi les atomes d'azote (^ventuellement 

oxydd), d'oxyg^ne et de soufre, ou des cycles condenses d6r1v6s de tels cydes, 

au molns Pun des groupes reprdsentds par X et Y ne portant pas de groupe protecteur, 

et les autres symboles ont les mSmes significations que ceiles indiqu§es plus haul, 

avec de t'hexanndthyldlsllazane, dans un sotvant Inerte, et en presence 

1) tfun adde soufr6 repr6sent6 par la formula 

T-S(0)„H 

dans laquelle T repr^ente 

la) un atome d'hydrog^ne, 
2a) un groupe hydroxyle, 
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3a) un atome d'halogdne, 

4a) un groupe alkyle en C^.^, 

5a) un groupe alc6nyle en 

6a) un groupe aryle en Cg.^Q, 

7a) ou un groupe aralkyle en C7.20, 

les groupes {4a) et (5a) ci-dessus pouvant ne porter aucun substituant ou porter 1 ou 2 substituants 
choisis parmi les atomes d'halogene. et les groupes (6a) et (7a) ci-dessus pouvant ne porter aucun substituant 
ou porter 1 ou 2 substituants choisis panni les atonries rfhalog6ne et les groupes alkyle en C^^, 
et n repr^sente le nombre 1 , 2 ou 3, 

II) ou d'un sel d'ammonlum d'un tel acide, 

III) ou d'un acide de Lewis cholsl parmi BF3»(C2H5)20, AICI3. ZnClj, 

FeCIgetTiCI^, 

A ayant la signification indiqu^ plus haut, 
pour obtenir un conaposd de fonmule 

r 

dans iaquelle chaque symbole a la signification Indiqu6e plus haut, ie fait de soumettre le compose ainsi 
obtenu k une reaction de lodation qui donne un composd de fonnule 




dans Iaquelle chaque symbole a ta signification indk^u^e plus haut, 

et le fait de soumettre le compost aInsI obtenu k une r6actk>n de substitution nuc^ophile. 

Proc6d6 conforme k la revendlcation 6, dans lequel B reprdsente un groupe alcanoyioxy en C^.^q. 

Proc6d6 conforme k la revendk:atlon 6, dans lequel B repr6sente un groupe alcanoyioxy en C^^. 
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